INTRODUCTION
According to Schuemie and Van der Mast (1999) , during any virtual reality (VR) experience subjects often have the sense of being within the computer-generated environment. This sense of "being there" is defined as presence. Ditton (1997) refers to presence as the ability to interact with a VR environment as if he or she were in a real environment. Sheridan (1992) proposed three categories for presence: (a) quantity of sensorial information displayed to the subject; (b) subject control level over the VR environment; and (c) subject capacity to alter the environment. On the other hand, Heeter (1992) divides presence into three types: (a) Personal Presence -how the subject experiences herself or himself as part of the VR environment; (b) Social Presence -existence of other beings in the VR environment; and (c) Environmental Presence -the ability of the VR environment to recognize the subject.
The nature and origin of presence is still unclear. Although it can be characterized, from the neurophysiologic perspective, as a process resulting from a synchrony between cognitive and perceptive systems (Heeter, 2003) , the multitude of associated processes reduces the chances of brain mapping presence. More likely, presence is a dynamic set of reactions that take place between several brain structures rather than a localized and individual process. Witmer and Singer (1998) stated that presence is all about attention processes, involvement and immersion being the two most important concepts. Involvement may be defined as the psychological state concerning attention towards a set of relevant stimuli, whereas, immersion refers to the psychological state characterized by the perception of being included in or interacting with the VR environment (i.e. an experience of entering a multi-sensory representation of three-dimensional space; Witmer & Singer, 1998) .
Whatever it may be, presence is an important variable to take into account when studies with VR take place, as it measures the environment's ability to pull the subject into the VR world. Higher levels of presence may indicate that the subject recognizes the VR environment as a real world experience. This can be crucial when VR is the best solution for replacing reality. Such is the case for VR worlds that are developed to mimic war scenarios. Subjects with war PTSD (Posttraumatic Stress Disorder) are exposed to virtual war situations (Gamito et al., 2005; Rothbaum et al., 1999; as a psychotherapy strategy to help them overcome their anxiety disorder. VR as a substitution for real experiences is also applied to the treatment of several phobia and panic disorders (Rothbaun et al., 1999; Riva et al., 2001; Em- Abstract: Among others, two displays are used when exposure to virtual worlds is required: Head Mounted Displays (HMD) and Translucid Screens (TS). The higher sense of immersion brought about by these two devices gives them an advantage over traditional media displays. In fact, both HMD and TS enable a superior sense of presence in virtual worlds. However, the difference in the degree of presence between them is not well documented. This article presents and discusses a study that measured presence using a HMD and a TS. Sixty-nine subjects were exposed to two different neutral virtual worlds (20 minutes each world), one using a HMD and other a TS. Presence was assessed through Slater-Usoh-Steed questionnaire (1994). Significant differences (α=.05) were found between HMD and TS. In fact, results from Paired Samples T-Test (t(68)=-5.49, p=.00) revealed that presence with the HMD (X=3.23; s=.61) was significant higher than the one with the TS (X=3.01; s=.51). Cybersickness was found on 21.7% of the HMD subjects and on 27.5% of the TS subjects. In both conditions, presence was significantly inferior on subjects with cybersickness. melkamp, et al., 2002; Botella et al., 2000; Blanchard et al., 1998; Wiederhold et al., 2002) . These studies showed that high levels of presence enabled the development of fear as a response to the displayed anxiogenic stimuli, which is the basis of psychotherapy procedures. In fact, in psychotherapy it is required that the subject is exposed to his or her fears until he or she can manage them.
Some studies reported cybersickness on several subjects that were exposed to VR environments (LaViola, 2000; Lo & So, 2001; Hale & Stanney, 2006) . Stanney et al. (2002) characterized cybersickness as a discrepancy between visual, vestibular and proprioceptive information. By moving the head during a VR simulation with a HMD, the sensation of movement that is produced by the subject's inner ear is some milliseconds desynchronized with the movement generated by the computer graphic board. This means that when subjects 'see' movement on the screen, the information from it was already sent to the brain by the inner ear. The subsequent incongruence may produce nausea, headaches, spatial disorientation, and vomiting. According to LaViola (2000) , the cause of this discrepancy resides in the precision of tracking devices (in the case of HMDs), and on the reduced frame rate of screens. Gender and age also matter. Women are more susceptible to cybersickness because their perception of screen flickering is stronger than men's. On the other hand, Arns and Cerney (2005) pointed out that younger subjects (less than 30 years old) reported less cybersickness.
Typically VR may be experienced using one of following types of settings: (a) desktop personal computer (PC); (b) workbench; (c) CAVE, (d) HMD, and (e) screens. The PC, workbench, and CAVE are usually neglected in psychology studies, the first because the level of immersion and presence are not consistent with the desired ones, the final two because of the financial resources required to set them up. Consequently, HMDs and screens are currently used. The HMD, when associated to a tracking system, allows a 360-degree field of view and 3D stereoscopy, which are the factors considered to be responsible for its effectiveness in immersion. On the other hand, most HMDs are heavy, expensive, and when used for a long time, may cause retinal strain. Screens allow for use by more than one subject at a time and are not as intrusive as HMDs. Nevertheless, because the field of view is limited to the projection area and they lack a tracking system, screens usually produce less immersion.
Despite a number of studies, it is not yet clear which device, the HMD or the screen, provides the best sense of "being there." This paper presents and discusses a comparative study that assesses differences in presence between HMD and screen exposure.
METHODOLOGY
This study took place at the Psychology Computing Laboratory at University Lusofona de Humanidades e Tecnologias, Lisbon, Portugal. It involved 69 subjects that were assigned to two VR worlds. This sample, drawn from a university population, consisted of 31 males and 38 females, with an average age of 23.71 (s=4.6) years old.
Virtual world A was a beach scenario ( Figure  1a ) and virtual world B was a city environment ( Figure 1b) . Both VR worlds A and B were modified from two of Valve's Half Life 2 maps. On each world, subjects were to perform a simple task of finding a bird. To accomplish this, VR worlds needed to be exhaustively explored for approximately 20 minutes. Two subjects examined the same world simultaneously. Two P4 3.4 GHz with NVIDIA 6600 GT graphic boards were connected on a local area network. While one subject was playing with a Cybermind HiRES 800 Head Mounted Display (HMD) with an intertrack InertiaCube (Figure  2a) , the other was experiencing the world watching a 295cm x 225cm Translucid Screen (TS; Figure 2b ). Headphones were plugged into both personal computers. After 20 minutes, subjects switched worlds and exposure devices. Following each world experience, subjects were asked to fill in the SUS presence questionnaire (SUS, 1994) . This scale measures one single dimension of physical presence in an environment through six items.
Data was processed using SPSS 14. Two variables were created: SUS_MEAN_HMD (Head
Mounted
Display) and SUS_MEAN_TS (Translucid Screen). In order to assess the normality of these two variables Kolmogorov_Smirnov (K-S) was performed. Related Sample T Test tested the existence of significance between variables.
RESULTS AND DISCUSSION
The distribution of both variables (SUS_MEAN_HMD and SUS_MEAN_TS) was normal. Kolmogorov_Smirnov (K-S) test did not find significant differences between test probability function and the probability function of each variable.
Related Sample T Test showed significant differences between SUS_MEAN_HMD and SUS_MEAN_TS (r = .000*), with SUS_MEAN_HMD (X = 3,2281; s = 0,61340) significantly higher than SUS_MEAN_TS (X = 3,0139; s = 0,51350), pointing towards a higher presence when using HMD than when using TS (Table 1) . HMD 360º point of view is most likely responsible for this difference, since it enables higher interaction with the environment. Higher interaction is conducive to higher presence (Held & Durlach, 1992; Sheridan, 1992; Steuer, 1992) .
Nevertheless, both variables showed low average values. In fact, SUS questionnaire responses were always less than 5, on a 1 to 7 Likert scale. This means that both devices did not bestow subjects with a sense of being in the VR environment. Several reasons may have contributed to this outcome. Despite the fact that hardware and software used in this study were state of the art, both VR worlds (beach and city environments) may not have captured subjects' full attention. Contrary to studies that assessed presence on phobic subjects (Krijn et , 2004; where phobic cues (spider, elevator, and heights, for example) are themselves partially responsible for the subject being drawn into the VR world, in this experience, besides the VR environment, task goal, and interaction with the other player were the only events that would catch subjects' attention.
On the other hand, the SUS questionnaire (1994) assesses presence through a comparison between the virtual and real world. Basically, through six questions, subjects are asked if their experience in VR worlds is similar to reality. This means that only subjects who established a parallelism between the specific VR perceived world and the real world may be able to positively answer the questionnaire. This probably indicates that for subjects that find no correspondence between the VR world and any real world that they know, presence would be reduced. Usoh et al. (2000) found a similar trend in a study that assessed presence through the SUS questionnaire (1994) on nonphobic subjects.
Cybersickness may have also contributed to these results. In fact, cybersickness was present in 21,7 % of the HMD condition and in 27.5 % of the TS condition. The incidence of cybersickness is in accordance with DiZio and Lackner (1997) and Wilson et al. (1995; . These studies revealed that 5% to 30% of subjects experienced symptoms of cybersickness. Nevertheless, it was expected that cybersickness on the HMD condition would be higher than the TS condition, which did not occur. Probably, this comes from the fact that subjects in the TS condition did not move their head along with VR world movements, creating a sensory conflict. In the HMD condition, subjects had to move their heads as scenes were coming, reducing conflicts between vestibular and visual systems. On both HMD and TS conditions subjects with cybersickness reported significantly less presence (Table 2 ) than other subjects.
The sample was divided into two groups according to age P50 (P50 = 23). Significant differences (Table 3) were found between older and younger groups in relation to presence in the TS condition. The younger group manifested higher presence than the older subjects. No significant differences were found between genders.
FINAL CONSIDERATIONS
This paper presents and discusses a comparative study on presence. Sixty-nine subjects were immersed in two virtual reality environments using a HMD and a TS. One VR world was a beach scenario and the other a city set up. On both worlds subjects were to perform a simple task of finding a bird. The SUS questionnaire (1994) reported lower presence independently of the VR world or exposure device. However, significant differences were found between HMD condition and TS condition, the latter being inferior to the former. ness was present in 21.7% of the HMD condition and in 27.5 % of the TS condition.
The questionnaire used to assess presence, cybersickness, and difficulty capturing subjects' attention were probably responsible for low values of presence. Nevertheless, the HMD condition revealed higher presence than the TS condition. In further research a more comprehensive and complete questionnaire of presence, like the ITC -SOPI (Lessiter et al., 2001) , should be used. 
